INTRODUCTION
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In humans, clinical depression --by which we mean "major depressive disorder" or the (Rygula et al., 2013) . Like rodents, horses reportedly prefer sucrose solutions to water (Randall 140 et al., 1978) , and often choose sweetened food over unsweetened (Hawkes et al., 1985) . We 141 therefore chose to assess reduced sucrose intakes as a measure of anhedonia in horses. 142 This work thus aimed to use this measure to test the hypothesis that withdrawn horses 143 are experiencing a depression-like condition. Using withdrawn and non-withdrawn horses from 144 the same riding stable, we predicted that, if in depression-like states, withdrawn horses would 145 consume less sucrose than non-withdrawn stable-mates. To both refine this experiment and 146 better characterise the withdrawn state, we also assessed some additional variables. Most of 147 our subjects had been screened for withdrawn states five years previously (Fureix et al., 2012) ; 148 we therefore opportunistically investigated whether individuals displaying withdrawn postures 149 in 2007 would still be prone now. In the absence of direct information on the types of aversive 150 early life experience and stressful life events that predispose humans to depression ( e.g. Gilmer 151 and McKinney, 2003; Tafet and Bernardini, 2003; Siegrist, 2008) , we also assessed our 152 subjects' levels of stereotypic behaviour. In populations with diverse past experiences, 153 stereotypic behaviour, although definitely not a symptom of depression, is typically most 154 prevalent or severe in individuals that have experienced challenges during early development 155 and/or stressful lives since (Lutz et al., 2003; Mason and Latham, 2004; Jones et al., 2011; 156 Gottlieb et al., 2013) . Assuming this holds for horses, we used stereotypic behaviour as a proxy included 17 French Saddlebreds, one French Trotter plus one Anglo-Arabian (two breeds 190 originally involved in the creation of the French Saddlebred breed) and one unregistered horse 191 (thus of unknown breed). Each was kept singly in 3 m x 3 m individual straw-bedded stall in a 192 barn, allowing visual contact with conspecifics. Each stall was cleaned every morning, and was 193 equipped with an automatic drinker. Animals were fed hay (6-7kg) during daylight, at 06:00h, 07:00h, 10:00h, 11:00h, 15:00h, 16:00h, 20:00h and 21:00h. The 207 silent observer (CB) walked regularly along the corridor and observations were made at a 208 distance of 3m. The average number of total scans obtained per subject was 907 ± 11.14 (horses 209 were sometimes away from their stall, e.g. for lessons, resulting in variation in observation 210 number). All behaviours were recorded (see e.g. Waring, 2003 for a detailed ethogram), but we 211 only report here only the states of interest for this study, i.e. the time spent being withdrawn, 212 along with stereotypic behaviour (crib-biting, tongue and lips movements, weaving, head 213 shaking and nodding; descriptions in Table 3 ; see also e.g. Hausberger et al., 2009; Fureix et al., 2011a) . The fully withdrawn state was defined in accordance with Fureix et al. (2012) , as between neck and back (i.e. a nape-withers-back angle of 180°) (see also Fig 1) . A horse 218 displaying all of the above-mentioned characteristics, but blinking the eyes or moving the ears 219 once, was scored as "moderately withdrawn". We chose to do so due to a lack of control over 220 aspects of the environment, such as very windy weather or unpredictable loud noises in the 221 stable, that could potentially very briefly disrupt withdrawn states by inducing a very brief ear 222 movement or eye blinking (therefore violating, although very briefly, the withdrawn definition 223 criteria). Spending time fully withdrawn was extremely strongly related to spending time 224 moderately withdrawn (see Results), supporting a posteriori our assumption that the two 225 measures reflected the same state, and we therefore pooled the two measures in the ethogram 226 for further analyses. Note that sensu stricto instantaneous scan sampling was unsuitable for 227 identifying withdrawn states, which were characterised by a lack of movement, and for Over the six days prior to the study, all horses were offered 10g of raw sugar (lumps) 235 once a day, presented by the observer directly under the nostrils, palm up. All horses consumed 236 sugar lumps, revealing no spontaneous aversion towards sucrose in any of the subjects (see e.g.
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Hawkes et al., 1985 for evidence that sucrose consumption is common but not universal in 238 horses). On the first day of the experiment, flavoured sucrose blocks (600g, Likit®, UK), all novel to these horses, were presented under the nostrils of each subject until one lick occurred, 240 and then immediately mounted on the wall of each stall like a salt block. To measure rates of 241 sucrose intake, these sugar blocks were weighed 3h, 8h, 24h and 30h after provision (initial 242 time of block mounting: between 09:00 and 11:00). The 30h long testing period covered both 243 pre-and post-meals intervals, allowing us to control for alliesthesia (modulation of the 244 rewarding value of food according to whether in a deprived or satiated state, Booth et al., 1972;  245 Thompson et al., 1976) . To control for possible individual variation in flavour preference 246 (known in horses, Goodwin et al., 2005) , the test was replicated three times in succession, using 247 three different Likit® flavours (cherry, banana and apple). Flavour order was pseudo-randomly 248 assigned to control for effects of presentation order. 249 250 2.5. Hay consumption and the "novel meal" experiment 251 All subjects' total hay consumption over a 5 day period was measured to estimate 252 overall food consumption level. Hay nets containing the usual rations were weighed daily pre-253 feeding (at 13:00h) and after 3h of exposure. Any fallen hay was collected from the bedding 254 and placed back in the hay net prior to each weighing. To assess neophobia towards novel 255 foods, horses' latencies to eat a meal of their usual pellets that had been scented with a mixture 256 of unfamiliar aromatics (10g of aromatic herbs "Herbes de Provence" and 10 ml cl of a solution 257 "Arôme Fleur d'Oranger", Vahiné®) were then measured. Long latencies to interact with a 258 novel object are typically interpreted as reflecting higher levels of anxiety or neophobia ( e.g. et al., 1997; Ennaceur et al., 2005) . The aromatics and their concentrations were chosen 260 after pilot observations performed on five other horses from the same stable (not study subjects) 261 ensured that the novel flavour in food was perceptible (e.g. inducing sniffing) to horses. Meal 262 delivery was performed by the horses' usual caretaker, following the normal daily routine but 263 with an experimenter by her side. The experimenter for this part was SA, not CB, and blind to all horses' results from any other test/observation. Horses were tested one at a time, 265 counterbalanced according to their withdrawn status (i.e. testing equal proportions of 266 withdrawn and non-withdrawn horses) across time periods within a day (meal at 07:00h, 267 12:00h am or 19:00h) and over testing days. The experimenter began to record time 268 immediately after the caretaker poured the pellets into the feeding trough, stopping 269 immediately after the horse took two consecutive mouthfuls without any intervening behaviour 270 other than chewing and swallowing. This caretaker was also blind to the aims of the study, 271 being told that only horses' behaviours were being recorded for further analyses, and asked to 272 behave in her usual way. Each tested horse's latency to eat a normal meal of usual pellets was 273 also recorded (once per horse). Simple general linear models (GLM) were conducted in JMP® 10 (SAS Institute Inc., 290 Cary, NC, USA) (using an alpha of 0.05, and two-tailed tests) to investigate relationships 291 between time spent in withdrawn states (controlling for age and sex) and sugar consumption 292 and stereotypic behaviour; and between time spent in withdrawn behaviour and age and sex.
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Normality and homogeneity of variances were assessed by inspection of residuals (Grafen and 294 Hails, 2002), and Shapiro-Wilk W tests. For these, and the subsequent models using SAS, 295 proportional data were always arcsinsquareroot transformed (Doncaster and Davey, 2007, p16) 296 to fit the parametric assumptions of GLMs.
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The relationship between the time each horse spent being withdrawn and sucrose intake 298 was investigated using the following repeated measures mixed GLM (Model 1), accounting for 299 horse within sex as a random effect: sugar eaten = horse(sex) + weighing time (3, 8, 24, 30h 300 after provision) + time spent withdrawn + age + sex + time each horse spent in its stall during 301 testing. The time each horse spent in its stall was included because horses removed from their 302 stall for lessons obviously could not ingest sugar during those periods. The Brown and Forsythe 303 (modified Levene) test was used to compare the variances between treatment groups for all 304 variables prior to analysis, and showed no evidence of heterogeneity for any variable. Models 305 were run using the mixed procedure in SAS (version 9.3), and repeated measures were handled 306 according to the method given by Wang and Goonewardene (2004) . The Akaike (1974) 307 criterion was used to determine the best fitting covariance structure among the repeated 308 measurements over time on the same horse, and the error degrees of freedom for hypothesis 309 testing was calculated using a Satterthwaite approximation. Residual plots were examined after 310 the analysis, and showed no evidence of any associations with means (or non-homogeneity of 
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However, spending time fully withdrawn was extremely strongly related to spending time 328 moderately withdrawn (F1,16 = 31.66, p < 0.0001), and we therefore pooled the two measures.
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The overall total proportion of time spent withdrawn (full + moderate) varied between 0 and 330 3.1% of observation time (X = 0.72 ± 1.05), with nine animals never displaying the behaviour. 331 Horses that had been classified as withdrawn in 2007 were significantly more likely to display 332 withdrawn behaviour in this study (Fisher's exact test, two-tailed: p = 0.041). The time spent 333 withdrawn was unaffected by horse age (F1,17 = 0.011, p = 0.917) or sex (F1,17 = 1.346, p = 334 0.262), but was strongly related to the time (X = 1.68 ± 4.27% time, 0-18%) devoted to 335 stereotypic behaviour (F1,16 = 9.404, p = 0.007).
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In the Likit® ingestion tests, all but one horse ate the sugar (inferred from the weight 337 of the block declining over time in a stall). Eighty per cent of subjects began to eat within the 338 first 3h of exposure; the other 20% comprised two withdrawn and two non-withdrawn horses.
The potential confounds of general appetite and food neophobia were then investigated.
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Total hay intake over five days varied from 19 to 34kg per horse (X = 25.61 ± 3.56). A 344 posteriori comparisons confirmed longer latencies to eat the pellet meal scented with novel 345 aromatics (X = 10.5s ± 9.6, 1-42s) than the usual meal (X = 1.8s ± 0.41, 1-2s) (matched-pair t 346 test, t19 = 4.08, p < 0.001), showing that horses did perceive the novel-scented meal as 347 unfamiliar. Since latencies to eat the usual meal were all very short, never exceeding 2s, and 348 showed negligible variation between horses, all further analyses use the raw latencies to eat the 349 novel meal. When included in the repeated measures analysis (Model 2), low hay consumption 350 was found to predict low sucrose intake (F1,14 = 4.52, p = 0.051), as did long latencies to eat 351 the novel-scented food (F1,14 = 8.34, p = 0.012). However, statistically controlling for these two 352 confounds did not eliminate the previous negative relationship between spending time 353 withdrawn and eating sucrose (Fig 3) , although reducing it to a strong trend (F1,15 = 4.28, p = 354 0.056).
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Stereotypic behaviour, in contrast, did not predict sucrose consumption (F1,15 = 0.780, 356 p = 0.3916), despite being a strong correlate of time spent withdrawn. As reviewed in the Introduction, our hypothesis that certain horses display depression-like 362 states ( e.g. Swann, 2006; Hall et al., 2008; Burn et al., 2010; Fureix et al., 2012) was based on 363 apparent similarities between their reduced responsiveness and the reduced interactiveness of some depressed human patients; evidence of associated anxiety, which would support a 365 diagnosis of depression in humans; hypocortisolaemia, as found in a sub-set of depressed 366 humans; and some preliminary signs of predictive validity (greater occurrence in females and 367 individuals suffering ill-health). To this, we now add evidence of a symptom that has strong 368 face validity with a DSM-V diagnostic criterion, and that has been successfully used in 369 biomedical research on depression-like states in rodents. Assuming that sucrose consumption 370 in horses is driven by pleasure, as in humans and rodents (Jarosz et al., 2006; Lowe and Butryn, 371 2007; Olsen, 2011; Pratt et al., 2012) , then horses that display states of withdrawn reduced 372 reactivity are more anhedonic than those that do not. Such loss of pleasure is a key symptom 373 of clinical depression, and suggests that withdrawn horses are indeed in a depression-like state.
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Our data also revealed that tendencies to be withdrawn, like clinical depression, are 375 possibly long-lasting: many of our subjects classified as withdrawn five years earlier still 376 displayed withdrawn behaviour now (although we cannot say whether their withdrawn 377 behaviours occurred persistently over that time). Furthermore, these withdrawn states covaried 378 with stereotypic behaviour. If individual differences in equine stereotypic behaviour reflect the 379 number and severity of aversive past experiences (as in primates: see Introduction), this 380 cautiously suggests that withdrawn states do likewise: an important hypothesis to test more 381 fully in the future since, if supported, it would add to evidence of aetiological similarities 382 between withdrawn states in horses and depressed states in humans.
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All these findings still do not demonstrate with certainty that horses in human care can 384 become clinically depressed: the quality and quantity of current evidence are not yet sufficient 385 to conclude this. However, these data are sufficiently consistent with this hypothesis to make The DSM is a widely-used diagnostic guide in human psychological medicine and potentially 736 useful for application to non-human animals (Ferdowsian et al., 2011) . Approximately every 737 two decades it is revised, reflecting the challenges of identifying forms of illness that are 738 complex and sometimes have no single defining criterion. However, since the DSM-III (APA, 739 1980) its criteria for depression have been essentially stable, with anhedonia playing a central 740 role. Currently, "five (or more) of the following symptoms have been present during the same 741 2-week period and represent a change from previous functioning; at least one of the symptoms 742 is either (1) depressed mood or (2) loss of interest or pleasure" (DSM-V p160) ( § in the table).
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These symptoms must also not be due to another medical condition, e.g. not better explained 744 by schizophrenia or other psychotic disorders.
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(*) represent symptoms we consider not reliably or validly operationalisable in non-human animals. 746 # Symptom description
( §)
Depressed mood most of the day, nearly every day, as indicated by either subjective report (e.g. feels sad, empty, hopeless) or observation made by others (e.g. appears tearful). (Note:
in children or adolescents, this can be manifest as irritability.)
Markedly diminished interest or pleasure in all, or almost all, activities most of the day, nearly every day (as indicated by either subjective account or observation)
Name Description
Crib-biting The horse grasps a fixed object with its incisors, pulls back, and draws air into its oesophagus while emitting a characteristic pharyngeal grunt.
Lip play
The horse moves its upper lip up and down without making contact with an object, or the horse smacks its lips together (three movements or more in a bout).
Tongue play
The horse sticks out its tongue and twists it in the air (three movements or more in a bout).
Lip or teeth rubbing
The horse rubs its upper lip or its upper teeth repetitively against the box wall (three movements or more in a bout).
Weaving
The horse sways laterally, moving its head, neck, forequarters, and sometimes hindquarters (three movements or more in a bout).
Head shaking and nodding The horse bobs repetitively its head up and down or tosses its head in recurrent and sudden bouts (three movements or more in a bout). least partly closed and the horse's neck is rounder (Waring, 2003; Fureix et al., 2011b) . Note 762 that the restricted size of the stall (3m x 3m) prevented the authors from taking a picture of the 763 whole horse displaying the withdrawn posture, as we chose to use the same lens to limit shape 764 distortion between images. 
